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Aw. BACKCROUND 


The incepticn cf the All Volunteer force in 1973 
provided Army manpcwer planners with the challenge of 
attracting, recruiting and retaining high quality 
perscnnel. The ever-increasing technology on the Lattle- 
field coupled with kLudget constraints have forced manpower 
fFlanners to search fcr an efficient alternative tc sheer 
numbers. The soldier of today must be able to operate and 
Maintain highly sophisticated equipment. In additicn, the 
Army manpcwer planner must also cope with a decreasing 
supply cf 18-21 year olds. Pie Lacte, this ~“Gonort. is 
predicted to shrink by about 15 percent by 1988 when 
compared to the 1979 cohort,and by about 25 per cent by 1994 
meet. Tt: p. 2j. 

Cf ccurse, manpcwer shortages in the army are ncthing 
new. Past shortages have been both guantitative and guali- 
tative; the shortages historically have fluctuated cver the 
years depending on the intricate balance among military 
reguirements, Civilian employment and wage alternatives. 
[Ref. 1: p.1] 

Currently Army recruiters have eliminated shortages. 
Through an extensive advertising campaign, army flanners 
have taken maximum advantage of current economic conditions: 
Since tte inception cf the All Volunteer Force, the army has 
met its objectives in numbers of enlistees in all but two 
years (FY77,FY79) and has met 100 percent of objective in 
the last four years [Ref. 2: pp.6-7]. 

The trends alluded to above, however, indicate that such 


€ase in manning the fcrce may te short-lived. Army manfower 





et 


planners may be forced to recruit “less-qualified" soldiers 
just to meet manning requirements. More screening will te 
necessary to meet these reguirements in an adequate 
fashion.Cne particular screen that has seen widespread use 
is educatior level [Ref. 33: p-342]-. Future recruiting may 
not result in the high percentage of High School Diflecma 
Graduates tkat is currently enjoyed: from FY79 through FY83 
an average cf sixty percent of all non-prior-service enlis~ 
tees have been High-School Diploma Graduates [Ref. 2: 
Fp- 6-7}. 

The FY85 Army Eudget calls for holding active end 
strength to FY 84 levels [Ref. 4: p. 16]. Thies anetwuEn 
leads to maintaining an 80.6 per cent level of High Schcol 
Diploma Graduate content [Ref. 43; p.16j. In order to main- 
tain this level and maintain FY 84 end strength, a maxinun 
of 12 per cent of tctal enlistees may be non-high-schcol 
diploma graduates (NESDG). 

In light of increased (due to inflation) or at best 
constant recruiting costs, army manpower planners amtst 
necessarily be ccncerned with determining exactly what level 
cf education produces the best recruiting risk. In ctker 
words, if Non-High~-School Diprloma Graduates and Graduate 
Equivalent Degree enlistees are a necessary part of the 
force structure, what, if any, are the associations between 
education level and "performance"? This research effcrt 
will provide some insight to this question. 

Scme ccmmonly accepted measures of performance currently 
in use by army manpower planners are 

1. Attrition (various definitions and levels), 

2 Skill Qualification Tests scores, 

3. Military judicial and non-judicial actions or lack 
tkereof. 
[kef. 5] 
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The terz attriticn itself has taken on many diferent 
meanings in recent research. In many studies, attrition has 
keen defined as “failure to complete the first terz of 
service." [Ref. 63 pe24] In this study total length of 
service cbhtained will be used as a measure of perfcrmance in 
the initial analysis and the above definition will be used 
in later more detailed analysis. 

Manpower policy makers have been investigating attrition 
since tke early 60's [Ref. 7: pel j. Such research has 
attempted to predict attrition through various scrts of 
models. Across the Army, Navy, and Air Force, level or 
education, mental akility and age have been determined as 
the kEest “pre-service” predictor variables of attrition 
[Ref. 7s p.1]. 

The cost of "assessing, dressing and training" a tyfical 
soldier has been estimated at approximately $15000 [Ref. 8 
16 ). This initial cost resulted in a total cost of 
$1,782,2C0,C00 in reaching FY 83 enlistment goals, tased on 
116,215 accessions [Ref. 9s p. ij. Obviously one means of 
meeting requirements at Minimum cost is to reduce 
unnecessary losses of money through premature attrition. 

Attriticn studies have been, for the most part,tased on 
different fcrms of regression models, particularly linear 
and lecistic models using both individual occupations and 
cccufaticnal groups. [Ref. 10: pp. 1-10] 


Pe PORFCSE OF RESEARCH EFFORT 


The furpose of this thesis will be twofold: 


1. To demonstrate the usefulness of Exploratory Data 


Analysis (EDA) technigues in "preprocessing" large 
velumes of data gererally associated with any 
Manpower analysis. This thesis will use a study of 


attrition of 0.S. Army enlistees as the vehicle for 


1 





this demcnstration. The dependent variaktle under 
investigation is specified as "total active federal 
service" . This phase of the research will provide 
examples as tc how EDA techniques can assist manpower 
analysts and decision makers in determining fretlens 
in the data under analysis and in variable selecticn. 
(a discussion cf exploratory data analysis technigues 
is feund at Afrfendix A) 

Upon selecticn of Suitable predictor variaklese of 
attrition, an analysis of survival functions will be 
utilized to previde more detailed information. 
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As stated, the data used to fulfil the purfoses of 
this thesis was the FY79 COHCRIT file, maintained fLy the 
Defense Manpower Data Center ([CMDC) at Monterey, Califcrnia. 
This COHORT file is a longitudinal register of all acces- 
sions for a given year, updated at various predetermined 
times so asto allew for tracking of performance of that 
cohort in subseguent years. The FY¥79 cohort under investi- 
gation was last updated in September 1983. The file deficts 
each individual threugh 69 variables [Ref. 11]. FY79 was 
arbitrarily selected as a representative sample; it should 
ke noted that the data from any given year may be confcunded 
Ey pclitical, social, and economic factors which are highly 
subjective and difficult to measure. 


ae reliminary Investigation and Data Reduction 





The data set was reduced based on a request fcr an 
iavestigaticn into ncn-high-school-graduate performance from 
the United States Army Recruiting Command (USAREC), Fert 
Sheridan, Illinois. This request and subsequent telephonic 
requests for information suggested investigation into three 
Military occupational skills (MOS): specifically at least 
one MCS f£xrcm each of the major subdivisions of the Army, 
namely cComtat Arms, Combat Support, and Combat Service 
Support. A histogram of the FY79 accessions (with non high 
school difloma graduate status) by MOS was developed 
(Appendix B) and suksequently the MOS's rank ordered by 
humbers accessed. Eased on this ranking, Table I depicts 
the MCS's chosen for analysis. 
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TABLE I 
Military Occupational Skills To Be Analyzed 


Majcr Sukgroup of Army Qs 


Infantryman 
Infantryman 
Artillery nan 
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Ccmkat Arms 
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Ccnkat Suppcrt Motor Transport 
Operator . 
M Multichannel Communica- 


tions Operator 
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Ccmkat Service Support TOY Sees Specialist 
94B Food Service 
Specialist 
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In addition, the Gata set was further reduced to 
only necn—-frior-service male accessions, based again on 
conversations with USAREC. Of course, all education levels 


were included so as to be able to ultimately compare the 
effects of education level. A data request was provided to 
DMDC for the data described atove; the final form of the 
data was in character form, stored in 5 files on the Mass 
Storage System of the Naval Postgraduate School ccmfuter 
syste. 


3. Ereparation fer Exploratory Data Analysis 


Eased on the above reduction of the data, the 69 
available variables cf interest were reduced to 14 variables 
to linzit the scope cf the investigation and to demcnstrate 
the use of the Explcratory Data Analysis technigues. let, 
should be noted that these procedures will be useful on any 
size data set for any number of variables subject only to 
the limitations of the storage capacity of the comrfuter 
system in use. Table II provides a listing of this first 
selecticn of variables. 
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TABLE IL 
| Initial Variables of Interest 
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| Higk Schcol Level Cbtained 
Current Fay Grade 
Marital Status (current) 
Numrer of Dependerts (current) 
Character of Service 
Reenlistgzent Code 
Age at Entry 
High Schcol Level at Entry 
S€x 
Race. 
Ethnic Ccde 
Marital Status/No.cf Dependents at Entry 
AFCT Group (Mental Category) 
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Dezrendent Variable Levels 


Total Active Federal Service Number of months 


ee a | 
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Total active Federal service was chosen as the 
dependent variable at this stage of the analysis to allow 
for investigation of possible associations with the abcve 
candidate predictor variables over time as opposed to a 
"go-nc-gc" tinary representation of attrition. This deépen- 
dent variatle allows the decision maker to initially see the 
effects of the candidate predictor variables on different 
levels of attrition, whether the assesions contracted for 
three cr four years cf initial service. 

These variables having been selected, simple FORTRAN 
and AFL programs (Aprendix C and D) were written to retrieve 
the data frcem mass storage into an interactive envircnment 
for graphical analysis. 
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Be HETHCDOLOGY 


Expleratory data analysis techniques are to be utilized 
to analyze the data described above. A draftsman's display 
fRef. 12: pp. 136,145] is prepared to initially process the 
data. Association Leéetween variables of interest are deter- 
Mined as well as any possible errors in the data. Upon 
necessary refinement, further Draftsman's displays are 
utilized to select pcessible explanatory variables. Bexplot 
analysis is performed to analyze the distribution of the 
levels cf the candidate explanatory variables and their 
contribution in determining length of service. A comparison 
of the statistics of each distribution is utilized to deter- 
mine relationshifrs amceng the various levels of each cf the 
candidate explanatory variables. Confirmatory anaiysis in 
the fcrm of parametric and nonparametric hypothesis testing 
is presented to indicate the statistical significance of 
sample ccmparisons. 

Finally, a survivor function approach is utilized to 
analyze for probabilistic relationships. Failure times and 
survival times are identified that lead to calculaticns of 
the prokability of attrition and reenlistment for tkoth the 
three year enlistees (3Y0) and the four year enlistees (4YO) 
from the FY79 COHORT data. 
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TIT. EXPLORATORY DATA ANALYSIS 


aa _ Ppa ae Se 


A. IDBITIAL DRAFTISMAN'S DISPLAY 


As described in Appendix A, the draftsman's display 
(Ref. 12: pp. 136,145] is an efficient means of taking a 
"first glance" at a cata set. In addition, the use of APL 
aS a programming language fcr this analysis allows fcr rafid 
Manipulaticn of large arrays in a user friendly fashion. A 
ten percent sample cf the data set consisting of the vari- 
ables listed in Takkle II above was run through the 
"draftsman" program [Ref. 13]. Sampling was performed by 
reading every tenth record of the data set provided Ly [MIc. 
The file was prepared in Social Security Account Numter 
order so 10 percent sampling ensured that a country-wide 
sample was created. Also, the file being longitudinal, any 
length-kiased sampling preblems were avoided [Ref. 14: 
Pes j~ The output rroduced was a 14 by 14 matrix cf two 
dimensional scatter flots. A segmented copy of the display 
is found at Appendix E. © Refer to this Appendix for the 
follcwing discussion. Note that the data has been 
"jJittered" to reduce cverlap of the data or data points with 
the same discrete values [Ref. 12: p.21]. (note: ceding of 
the variakles is defined in [Ref. 11] ) 

First an overall view of the entire display is very 
useful tc an analyst in several ways: 

1. Categorical data is rapidly identified by the 
"Flocking effect" seen in most of the displayed vari- 
ables, e.g., "Marital Status" vs. "MOS." This aspect 
of the display is critical in allowing the analyst to 
"see" the data and immediately determine where dummy 


variables, for example, may be necessary. 





Also coding of the variables 1s displayed as in "Hs 
at entry " vs. "Total Service" One observes that 
the scale of education ranges from 0 to 13, with the 
majority of the data grouped at 4 and 13, which 
ccrresponds to 2 years of high school and a Graduate 
Eguivalency Diploma (GED), respectively. 
Fertunately, in this analysis, the file descriftion 
containing the coding schedule was available; one can 
envision the tsefulness of the graphical technigue in 
"yuncoding" data sets that may not have an acccafa- 
hying description. The analyst could then recode as 
necessary with many of the commonly-used file 
Maragement systems available. 

Errors in the data may be identified in a rapid and 
efficient manner. Again referring to "HS at entry" 
vs. "Total Service". the majority of the data is 
Shown to be z year high school level (4) and GED 
(13)-< Now tke official request for data to DMDC was 
fcr all education levels. Because of a Simple misun- 
derstanding and a misplaced operand in the code that 
extracted the data from the master cohort file, only 
NHSG data were provided. The use of the display, 
then allowed fcr the prevention of the costly mistake 
the unsusfecting analyst may have made in develcping 
a model with erroneous data. This error-preventing 
aspect of this procedure manifested itself in 
subsequent disprlays as will be discussed later. 
Althcugh further analysis was not performed, the 
display allcws the analyst to determine 
multicollinearity/interaction effects of the conconi- 
tant variables. For example, "Age at entry" 
vs."Number of dependents" plot may provide’ the 
impetus for further study, if either of the variables 


had a visual effect cn, say, total service. 
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The use of the entire display is simple and "intuitive". 
It allows an analyst to bridge the gap, at least in scme 
fashicn, between the guantitative world of the analyst and 
the "real" world of the decision maker through the fower of 
the Erain'ts visual ccrrelation abilities. 

In the problem at hand, that is, the effect of varicus 
personal characteristics on ferformance (in the form of 
attriticn or more generally, total service), analysis of the 
first cclumn of the display is most revealing. Again, this 
data set has been discovered to only contain NHSG and GED; 
the entire spectrum of education levels will be analyzed in 
a subsequent draftsmar's display. The first column of the 
display depicts scatter plots of all independent variables 
versus total Federal service. To aid inthe discussicn, 
seven of tke plots have been reproduced in Figure 3.1 and 
the remaining seven in Figure 3.2 below. 

Viewing both figures, no rapidly discernible or 
"glaring" associaticns are evident. This is largely a 
result of tke sheer size of the data set. 

However, much useful information is available: 
1. Figure 3-1, MCS Versus Total Service: 
¢ This figure indicates that the largest numter of 
assesions were MOS 11B (a "1" in the DMDC coding) 
followed by 13B(2 cn coding scale). No 11X's are 
discernible kecause this entry level "basic foot 
soldier" MOS was not created until 1980. MOS €4C 
seems to have a distinct break in length of 
service: this break indicated that perhaps furtter 
analysis is needed. One possible explanation may 
be that a pertion of the accessions entered this 
MOS only fcr the training, and subseguently left 
the service at first opportunity through an adnin- 
istrative discharge. MOS 76Y (6 on DMDC scale) 
_ seems to te the most successful in terms of 
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Figure 3.1 First Column of Draftsman's Display 


performance (1.e., completion of at least 36 menths 
of service). 
2. Figure 3-1, AFCT Group Versus Total Service: 
e This variabie combination is coded from 1 through 
8, with 1 being a Category V. This lowest category 


corresponds to an AFQT total score of 9 or less. A 
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slight trend is evident: as AFQT increases, nore 
data points are found in the higher total service 
range. This graphical analysis agrees with the 
literature fresented in the introduction cf this 
thesis. This also indicates that most of the 
accessions ccnsidered here (NHSG and GED) are found 
in categories 3,4,5,6, which corresponds tc mental 
categories IVB,IVA,IIIB, and IIIA, respectively. 
This leads to the conclusion, as expected, that 
NHSDG accession fperformance on the AFQT is in 
consonance with education level. 
3. Figure 3.1, Marital Status Versus Total Service: 

e This plot indicates that most NHSDG were single 
with no derfendents(10 on the DMDC coding scheme). 
Again the mass of data points requires furtter 
subsequent analysis. The upper grouping depicts a 
Slight increasing trend as accessions differ by 
number of dependents (20=married/no deps., 
21=married/i1 dep., etc.). This, along with ctker 
asfects will be analyzed in more detail in section 
B, this charter. 

4. Figure 3.1, Ethnic Code Versus Total Service: 

* This plot indicates that a great preponderance of 
the accessicns were "other" which corresronds to 
Caucasian in the DMDC coding. Puerto Ricans (ccde 
4) indicate increased total service, leading to the 
conclusion that race is an important predictcr of 
service and attrition. 

2- Figure 3.1, Race Versus Total Service: 

°e This plot reinforces that of the ethnic code flct. 
Most assesicns were white, as indicated by the mass 
of data at ccde 1. There is a slight increase of 
service indicated in the category 2 corresponding 
to blacks, and perhaps even a greater massing in 
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the 50-60 mecnth area of category 3, which ccrre- 
spends to race “other". Again race seems to be a 
predictor of service or attrition. 

Figure 3-1, Sex Versus Total Service: 

e Although the data requested from DMDC was for male 


accessions (coded 1), at least a few data feints 
are evident in the category coded "2", ccrres- 
ponding to sex "female". Subseguent analysis 


through an AFL prcgram written to "scan" the data 
and count the freguency of certain data elements 
(Appendix D) indicated that in excess of 200 female 
NHSDG persons were accessed and recorded in this 
file. Again the draftsman's display and more gener- 
ally the exploratory data analysis aprroach 
indicated erroneous data, perhaps preventing faulty 
analysis. 

Figure 3.1, High School at Entry Versus fMotal 

Service: 

e Previously discussed above. This variable has seen 
widespread use as aS a screening device in 
recruiting [fkef. 7: p.1]. 

Figure 3-2, Ace at Entry Versus Total Service: 

e This variable combination indicates a wide range of 
values fecatse of the more "continuous" nature of 
the age variable. Although most NHSDG accéssicns 
were in the 18-20 year category, this plot indi- 
cates a slight increase in total service as age 
increases tc about 25. Then the plot may indicate 
that older accessions do not fare as well in the 
measure of rferformance chosen. This agrees with the 
literature; further investigation is deemed 
necessary by the display. 
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9. Figure 3.2, Reenlistment Code Versus Total Service: 


e This plot § frovides information that premature 
attritors and successful first- tour completers may 


receive the same reenlistment code. A “OW indi- 
cates unknown or no code, a "1" eligibility to 
reenlist, a"2" that a iocal bar to reenlistment 
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has been afrfrlied, a "3" that a DA-level EAR has 
been applied, and a "4" that the soldier is totally 
ineligible. The DMDC file descripticn only 
previded 2 ccedes:' again the display has indicated 
erroneous data or perhaps changed codes sufsequent 
to latest file update. This display frompted a 
telephonic clarificaticn to DMDC that may not have 
been made in the aksence of exploratory data anal- 
ysis. Since both "failures" and "successes" can 
receive a ccde of "eligible", this variable is not 
useful as a predictor of attrition. 

10. Figure 3-2, Character of Service Versus Total 

s€rvice: 

e This variable combination, like reenlistment ccde 
above, is ar indicator of "after the fact" rerforn- 
ance, elitker premature attrition or successful 
first-term completion. Again, a "OQ" indicates 
unknown or uncoded data, a "I" an honorakle 
discharge, "2"' under honorable conditions, a "3" 
other than honorable conditions, and a "4% a 
dishonorable discharge. A massing of the data in 
the 0-20 menth area of honorable discharges indi- 
cates that premature attritors were granted such a 
discharge through perhaps the Trainee Discharge 
Prcgram or Expeditious Discharge Progran. Thus 
this variable combination is not a good predictor 
of performance since discharge award in scme cases 
1s based on the local commander's decision. Quite 
cften the hcnorable discharge may have been granted 
to speed tte discharge of a substandard scldier; 
Under Honorable Conditions discharges,Other Than 
Honorable discharges and Dishonoraktle discharges 


require more "red tape" and administrative delays. 
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11. Figure 3.2, Number of Dependents Versus Tota 





Service: 

e This plot is an updated data entry that allows for 
‘the tracking of the addition of dependents through 
the serviceman's tenure. The plot indicates a 
majority of the service people considered through 
September 1983 still had zero dependents (coded 
ree ie As number of dependents increase, total 
service seems to increase, although there is a 
preportion cf data points with more dependents that 
failed to ccmplete 36 months of service. This plot 
indicates that with further analysis, numkter of 
dependents may be a predictor of total service and 
attrition. 

12. Figure 3-2, Marital Status Versus Total Service: 

e This variakle is an updated variable indicating 
current marital status of the service member, a "2" 
for married anda "1" for other [Ref. 11}. The 
Filet indicates a majcrity of the service nembers 
are still sirgle. Married service members seem to 
demonstrate an increase in total service, indi- 
Cating that this variable is a candidate predictor 
variable reguiring further analysis. Again , this 
agrees with the literature. 

13. Figure 3.-2,Pay Grade Versus Total Service: 

e Although pay grade is not really a relevant means 
of predicting performance of accessions, this plot 
gives a gocd indication of the "intuitiveness" of 
the graphical depiction of the data. Lois  plet 
indicates an "ideal" upward trend: as menths of 
tetal service increase, the mass of data roves 
upward and to the right. High performers are those 
that receive promotions earlier than the mass in 

. that particular pay grade, for example, grade E5 
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indicated by a 5 on the vertical axis of the plot 
shows that the majority of the service members were 
prcemoted in the 48-60 month time frame, which is 
the norm. Hcwever, observe the points in the 38-40 
month area, indicating waiver or early promcticn. 
From this plct, one can ascertain some idea cf the 
number of achievers in this cohort. Along the same 
lines, the poor performers are evident in, for 
example, the E1 grade in the 50 month time frame. 
The entire flot seems to indicate that there is the 
expected upward mokility of the average soldier. 

14. Figure 3.2, High School Obtained Versus TJotal 

service: 

e Although massive data size obscures the plot, this 
pict does indicate the some of the NHSG accessicns 
have completed their GED reguirements (a"6" cn the 
scale) during this time frame. Of these that have 
completed, a slightly increasing trend is evident, 
again reinforcing the literature that education 
level is a suitable independent or predictor 
variable on attrition. 

In summary this first draftsman's display has demcn- 
strated that the grafhical (EDA) procedures are critical in 
identifying errcneous data, determining variakles of 
interest, and identifying multicollinearity/interaction 
effects. Now a more refined version, with an even furtker 
reduced list of candidate variables and in some cases, with 
variatles that have been recoded so as to be more intui- 
tively appealing was froduced. This display is in segmented 
form at Appendix FP. This version of the display was devel- 
oped frcem the more general data set of FY79 accessions, this 
time including all education levels. 
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Be REVISED DRAFTISMAR'S DISPLAY 


The initial explcratory analysis above revealed that 
1. the data cn hand was not suitable in that it did not 
centain High School Diploma Graduates (HSDG) for use 
in ccmparing any effects of education on perfcrmance; 
2. tke list of variables under investigation could be 
fcrther reduced. 
The purpcse of this second iteration of draftsman's analysis 
was tc serve as a final check on the data andto determine 
any other relevart information from the data prior tc a more 
detailed investigaticn utilizing other methods. 


TABLE Iil 
Reduced Variable List for Further Analysis 


Total Service 


Military Occupaticnal Skill (MOS) 

ee tal Status/Numker of Dependents 
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The data shortfall in education level alluded to above 
was sclved in the sukmission of a request to DMDC for a mcre 


complete data set. This seccnd data set was received and 


31 





again stcred in 5 files in the Mass Storage System of the 
NPS Cecmputer Systen. The FY79 COHORT file consisted of 
30778 records of data. Files for the FY80-FY83 COHORTS were 
also acguired for later model validation and sufsecuent 
research. It shculd re noted that the target data requested 
was tc be nen-prior-service (NPS) male enlistees. The vari- 
ables under investigation for this phase are listed in Tattle 
Het The iast two variabies in the table were, as frevi- 
ously stated, not tc be considered as predictors frut as a 
means of assessing general performance of the enlistees. 

Again, FORTRAN and APL programs (Appendices C,0D) were 
utilized tc retrieve the data from mass storage and to 
Manipulate it into ferm for interactive analysis. A ten 
percent sample of the data was taken for analysis (3C78 
records). The data was again jittered to reduce overlar. 

An overall view of the draftsman's display (Appendix F ) 
demonstrated the follcwing: 

1. The new data set is mostly categorical as expected. 

2. All levels of education have been included as demcn- 
strated by the "HS at Entry vs. Total Active Service" 
Fict. 

3. The total service scale on all flots extends to 160 
mcnths, indicating that at least some prior service 
erlistees have been erroneously included in the data. 

4. Seme female erlistees have been included as indicated 
Ey the "sex vs. Total Service" plot, again 
demcnstrating erroneous data. 

Mcst of the disctssion kFelow centers on the first cclunmn 
or the dispflay; hence this column has been reproduced in 
Figure 3.3 and Figure 3.4 Viewing both figures sinultane- 
ously, the massing cf the data points in heavily concen- 
trated “"klocks" demonstrates the large number of data feints 
in the sample. The dimensionality of the problem is graphi- 
Cally evident. Scme specific information that can be 
gleaned frcez this display follcws. 


SM 









et 





2 3 4 


4 


Se 


MENTAL CATEGORY 


9 


0 


26 


20 


i, 0 40 ao 86120) «6160 
| TOIAL SERVICE 





12 


ee lg gg Gn cope Me Sees Mali go oe | ce Cn I oes me tO Gees 





MAR. STATUS AT ENTRY 
6 


aera a gee eee 





Figure 3.3 First Column of Revised Draftsman's Disrplay 
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¢ The 11B and 13B occupational skills (1 and 3 in the 
DMDC coding) appear to have attracted the most 


(rx 
iw 


oy Filitary Cccupational Skill vs. fJotal 


lu 


enlistees. No discernible trend or associaticn is 
apparent in the length of service for these two 
combat arms cccupational skills. Skill 64C (coded 
4) demonstrates the "break" in length of service 
just as in the non-high-school-graduate data in the 
previous section. Occupational skill 76Y, (6 on 
the DMDC scale) as before, appeared most successful 
With less scldiers attriting within 36 menths of 
service, or the normal first tour length. 

Figure 3-3, Mental Category vs. Length of Service: 

e This variable corresponds to "AFQT group" in the 

_Original display, and has been renamed based cn the 
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information seen in the first draftsman's display. 
This variable has alse been recoded to reflect a 1 
for mental categories 5 and 4c, a2 for mnental 
categories 4k and 4a, a 3 for categories 3b and 3a, 
and a 4 for categories 2 and 1. This plot demcn- 
strates the recruiting policy of targeting the 
higher tental categories by the massing of the data 
in those resrective areas. 


ty) 
e 
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igur Sao Marital Status at Entry vs. Total 


ure ZDt VS 
vi 


ervice: 


This variable is coded with a 10 for single with no 


@ Im 


dependents through 19 for single with 8 dependents, 
and then a zQ for married, no dependents, through 
29, for married 8 dependents. Most enlistees in 
this data file were single with no dependents. The 
Married enlistees (20 and higher on the DMDC scale) 
indicated a slightly increased total service, 
particularly as numter of dependents increased 
(z1,22 and zs on the scale) 
4. Figure 3.3, Race ys- Total Service: 

e The addition of the high-school-diploma graduates 
has not affected the pattern that was evident in 
the original draftsman's display: a preponderance 
of whites (ccded 1) followed by blacks (ccded 2), 
and others (coded 3)is still evident. The "cther" 
category still demonstrates increasing length of 
service. 

5. Figure 3.3, Sex vs. Service: 

e AS previously stated, this plot demonstrates that 
the supposed all male non-prior-service file has 
included in it a number of female enlistees. Also 
note that the massing of the data indicates that a 
large proportion of these females attrite with less 
than twenty menths service. 


34 





, 


4 


us 
Es 27 
iat ts 
+ nn 
a & . 
a % 
9 is 


ie 


2 ~ é 


HS AT ENTRY 


G 





oOo Ww 6 120 10 oO. 640) 80 180 160, 


See = ne TL a 


oO 4 
Cee guar. ciate aeaene OT perpen Spates eit, CAAA seems senate ines A pes Geant Sete BTS Saree asta Ge acta Seen FO pasion neni: specs ana 


Figure 3.4 First Column, Continued 


6. Figure 3-4, High School at Entry vs. Total Service: 





e The inclusicn of all levels of education can new be 
verified. The plot has been recoded utilizirg an 
APL program (See Aprendix D) as shown in Table IV 
below: The massing of the data at position 5 indi- 
cates that rost enlistees in this sample were high 
school diplcma graduates. Also, enlistees with two 
tc four years high school outnumber those with 
equivalency status. No discernible differences can 
be observed in the eguivalency certificate hclders 
over the other levels of education due to the 
Massing of the data. Note the distinct tEreak, 
theugh, in the GED length of service. A grouping 
is evident for zero to twenty months of service, 





TABLE IV 


Recoding of Education Levels for Draftsman‘s 
Display 


1..--. Up to 1 ieee of ee school 
ecoee 2 YEATES high. schoo 
Peele = years high school, no diplcna 
eceee Graduate Ea ween ey Diploma 

eee ee eHiga Schooi Diploma Graduate 


6.e.---At least 1 year college and higher | 


and another for approximately thirty tc forty 


6 gis. setts ed OE 


months. This may Le partially explained by viewing 
age at entry versus high school at entry along the 
same row as high school versus total service in 


Figure 3.5. This same break is evident: the 
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Figure 3.5 Row of Display for Cross Comparison 


Majority of the enlistees with the equivalency 
certificate (GED) are 20 years old and below with a 
break below 20. Perhaps this break in age wken 
viewed with the break in service indicate that the 
younger GED enlistee is not as successful in 
ccupleting service, just as he was in not 


_ Completing high school. 
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7. 


Figure 3.4, Ace at Entry vs. Total Service: 


e The massing cf the data indicates that most enlis- 


tees fall in the 17-21 category. AS age increasés, 
tctal service again seems to be divided into 
distinct branches. These branches could fpossibly 
ke related tc marital status, number of dependents, 
or education level, where breaks of this nature 
were also evident. See the entire display to 
compare each of the above mentioned variable ccmki- 
hations versus length of service and against ctter 
possible ccubinations of other variables for 
possible insights. 


igure 3.4, Reenlistment Code("Reup" code) vs. Total 


Vice: 


e This plot shcws that a surprising number of enlis- 


tees, both premature "leavers" and successful 
(l1.e., with wore than 36 months service) "stayers", 
have an uncoded 0 reenlistment code. This frekakly 
indicates that the record has not been posted with 
this inforgation. Code tt; corresponding to 
"eligible fcr reenlistment", is massed after 36 
months, indicating that completion of at least the 
first term is a requirement for reenlistment eligi- 
Didlaty. Cede 2, a local bar to reenlistment, is 
also massed around 36 to 40 months of sérvice, 
indicating that the decision to allow reenlistment 
is often reserved for the end of a soldier's tern 
of service. It should be noted that the bar to 
reenlistment can te issued by the local ccmmander 
at any time deemed necessary, yet it appears that 
exercising cf this powerful option is not Leing 
done. Code 3, the Department of the Army bar to 


reenlistment, indicates a uniform massing cf the 


data. This agrees with Department of the Army 
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pelicy to automatically bar soldiers that have 
received certain recognition as substandard through 
judicial, nen-judicial, and administrative actions. 
CrosS comparison with the next column cf the 
display (seé€ Figure 3.6) reinforces this idea: 
This plot is reenlistment code versus character of 
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Figure 3.6 Segment for Cross-Comparison 


service awarded. Reenlistment code 3 has the 
Majority of the character of service codes Z and 3 
corresponding to “under honorable conditions" and 
“other than honorable " discharges respectively, 
both of which are considered substandard. 
Similarly, code 4 in reenlistment signifies 
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ineligibility for reenlistment, which is ncticealkly 
less of the data, contains the worst character of 
service code, a dishonorable discharge indicated by 
a 4 on the character of service axis. 

9. Figure 3.4, Character of Service vs. Length of 

Sérvice: 

e This plot indicates that as length of service 
increases tc 38-40 menths, character of service 
code decreases. The DMDC coding [Ref. 11] lists the 
coding as 1 for an honorable discharge, so cné can 
infer that “"stayers" generally receive hcnoratle 
discharges. Those unsuccessful soldiers with less 
than 36 months service receive the majority cf the 
"under honorable conditions", “other than honcr- 
able" and "dishonorakle" discharges, coded 2,3,and 
4 respectively. 

This revised draftsman's display analysis has frevided 
some insights into those personal characteristics affecting 
length of service and hence attrition. All seven rfossitle 
explanatcry variables under consideration have demonstrated 
at least some effects on length of service. The effects of 
education level, mental category, marital status and numker 
of dependents, and age have at least initially seen to be 
Bost profound. 

These displays have served to provide an initial grarh- 
ical view cf the data that is both intuitively pleasing and 
Simple. In addition to identifying possible erronecus data 
entries and any peculiar coding of the variables, a major 
result of the analysis has been a reduction in the dimen- 
Sionality of the data itself. The displays also aidina 


general familiarizaticn with the data under investigaticn. 
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C. ECXFLOT ANALYSIS 


The boxplot will be utilized to demonstrate ancther 
Exploratcry Data Analysis technigue that provides a fowerful 
means of ottaining mcre information about a data set. (See 


Appendix A for a discussion of boxplots in general.) 


In crder to demonstrate the effectiveness and fower 
eeeocxrlcts, one of the six candidate explanatory vari- 
ables, high school education level at entry, will ove 
investigated in detail. As stated in the introduction, the 
literature kas pcinted out that education level at tise of 
entry has teen a generally accepted predictor variable in 
attrition analyses during the last ten years. Therefcre a 
koxplot analysis utilizing the category subpopulaticn anal- 
ysis [rogram in the IBM experimental GRAFSTAT package is 
presented in the follcwing discussion. Length of service, 
the chosen dependent variable for this portion of the study, 
is plectted versus education level at entry. 

The left panel of Figure 3.7 is a depiction of a ten 
per cent sample of FY79 enlistees as of September 1983. As 
previcusly stated, this data set is a smaller subset 
consisting cf seven gilitary occupational skills from the 
entire FY79 COHORT file from DMDC. The GRAFSTAT input 
screen fcr this program allcws the analyst to subdivide this 
batch of data into its seven component occupational skills 
through the input of a simple "category" vectcr. (See 
Appendix G for a defiction of this input screen.) The y 
axis is length of total active service in months, while the 
X axis irdicates education level at time of entry intc the 
army. Ike pon high school diploma graduate level is indi- 
cated by "NESDG" and indicates three to four years of high 
school withcut a diplicma. Education level decreases toward 
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the origin, with a 4 indicating 2 years of high schccl, a 3 
indicating 1 year of high schocl, a 2 indicating 2 years of 
junior high school, ard a 1 indicating 1 year of junior high 
schocl. ‘Ic the right of the position marked "NHSDG", educa- 
tion level increases until the position marked "GED" which 
indicates a graduate eguivalency "diploma" or certificate. 
A 6 indicates high school diploma graduate, a7 indicates 1 
year cf college, 8 fcr z2 years of college, 9 indicates 3 to 
4 years college Eut ne degree, anda 10 indicates a college 
degree. Eleven and12 indicate a masters and dcctcrate 
degree, respectively. 

Viewing the entire display in the left panel, the 
koxplect provides a graphical statistical summary of the 
distribution of each of the subcategories (i.e., the levels 
of education) in a form for easy comparison. A takle of 
values is also presented beneath the display. The mean of 
€ach sulcategory is depicted by the dot (with lines 
connecting the subcategories). The median of each sukcate- 
gory is dericted by the other dot in the body of the bex. 
Adjacent values and their associated “whiskers", or the 
lines drawn from the tody of the box to the adjacent values 
depict tre tails of the distribution of each sukcategory. 
Outliers are depicted by heavy dots and are defined as thcse 
values greater than 1.5 times the interguartile range of the 
distribution. The nean of the entire display across all 
Subcategories is depicted by the arrowhead on the y axis. 

It 1S immediately apparent that this subpofulation 
contains some enlistees with prior service, indicated Ly the 
Outlier values in tke left panel of figure 3.7 that have 
more than 60 months cf service. {If an enlistee entered the 
Army on 30 September 1978, max Length of service without 
prior service is 60 acnths through 30 September 1983.) The 
data requested from UMDC was to be non-prior service (NES) 
only; again the important error-indication guality of this 
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technique is readily apparent. The non-prior service enlis- 
tees can ke easily extracted from the data set in the 
interactive mode of this package; by the inserticn of a 
simple truth statement (e.g., length of service <60 mncnths) 
the data set is reduced to the desired set. (See Apfendix G 
for the depiction of the input screen; selection is entered 
in the "selection" area.) This feature is also most useful 
in the ccmrpariscen of certain other characteristics of the 
data as will be demonstrated. 

fhe ability to interactively subdivide the data 
according tc other variables of interest is an extremely 
fowerful tool, allowing the analyst to "compose" his areas 
cf comparischn and graphically determine associations ina 
multivariate sense. The actual data is never altered and 
there is no delay due to timely resubmissions of programs. 
In addition the graphical displays are rapidly available and 
intuitively appealing , requiring iittle explanation to 
those decision makers with less background in classical data 
analysis techniques. 

The right panel of Figure 3.7 indicates the results 
of removing the cutlier enlistees with prior service. The 
scale of the boxrlots is now larger so the mean, median, and 
spread can be readily ascertained. Note that the mean 
length of service has been only slightly modified by the 
removal cf the 5 outliers(determined by the "ALL" crew of 
the two takles belcw the fliets,3078-3073), as expected. 
Also note that the shape of the boxes before and after the 
removal of the outliers is the same, indicative of the 
resistance cf the bexplot. The right panel of the figure 
shows that performance in the form of length of service 
tends tc increase as education level increases from the 
junicr high level tc high school diploma graduate status. 
College level enlistees and higher do not demonstrate this 


trend. Note that enlistees with the graduate equivalency 
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certificate demonstrate poorer performance than necn-kigh- 
school-diplcma gradtates (NHSDG). The variance of the 
distribution of the enlistees with the GED is greater, 
perhaps due to the manner in which the GED may ke awarded: 
Ferscns with any level of education can test for and gain 
the GED, and numerous testS are available for the certifi- 
cate. Hence the large variarce may be explained by the 
"variance" of the means of awarding the certificate. 

In the next figure, (Figure 3.8), the non-priocr- 
service enlistees are again presented in the left panel as a 
"comparative other." In the right panel of the figure, all 
those soldiers who had an uncoded education level and those 
with FhHD degrees have been deleted, again utilizing the 
selecticn feature of the GRAFSTAT progran. This results in 
a "smcctker" line thrcugh the means, allowing a more discer- 
nible view of the asscciation of each level of educaticn and 
length of service. Note from the table that only 2 persons 
were in these deleted categories, hence they are referred to 
as "cutlier" education levels in the title of the flet. 
These points will remain deleted throughout the remainder of 
this particular analysis. 

In Figure 3.S, left panel, the previcusly discussed 
boxplet with "outlier" educaticn levels deleted, necn-pricr- 
service enlistees is again presented for further comparison. 
In the right panel, utilizing the selection capability, all 
those enlistees with any years of college have been deleted. 
Now the increasing trend is clearly evident. As education 
increases, length cf service increases. Again thcse 
soldiers with the graduate equivalency certificate (GED) 
demonstrate a lower mean performance than both the nen-high- 
schocol-graduates and the high school diploma graduates. To 
isolate this trend even further, GED soldiers are deleted in 
the right panel of Figure 3.10 Now, compared to the left 
Fanel of this display, the upward trend is most evident. 
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The distributicn of each education level is graphi- 
cally described in the boxplot. For example, in Figure 3.10, 
the high-school-diplcna-graduate distribution appears to be 
symmetric as indicated by the position of the mean and 
median relative to tke ends cf the body of the box. The 
distributicn appears to have a "thicker" tail in the lower 
length of service side, depicted by the longer whisker on 
the bettcm cf the boxplot. Rapid comparisons of the distri- 
buticns cf each of tke subcategories can be done threugh the 
bkoxplict analysis. 

Thus the use cf boxflots has indicated that level of 
educaticn dces have ar effect Ch performance in the form of 
length of service. It should be reiterated that this fhase 
ef the analysis is exploratecry in nature; the comparison of 
means could be strengthened through such confirmatory anal- 
ysis aS a one-way ANCVA or 1n a non-parametric test such as 
the Kruskal-Wallis test of equality of means. An example of 
this confirmatory analysis will be provided in a later 
secticn cf this thesis. 


Ze The Multivariate Capability of the Boxplot 





Military occtcpfational skill of the enlistee will be 
examined fcr any indication of an aSsociation with perforn- 
ance, and then further analyzed with regards to education 
level within the occufational skill. Seven military occupa- 
tional skills (MOS) were considered in this analysis. 
(Refer tc Table I, frevious charter). Again a tén percent 
sample of the data was utilized for analysis. 

Figure 3.11, left panel, provides the first leck at 
this sukcategory of the data. Military occupational skill 
is fplictted against total active service. Each military 
cccupational skill is presented on the x-axis, beginning 
with conrkat arms(11B, 11X, 13B), combat support (31M, 64C), 


4 
fe 


4] 





D933eTI0 GID “Teast 


st Cz 918 9t 8810 of 26950 €0G!1 ® 
oft vt st@ 4) PED OF 61621 0 C06 § 
s¢ gi €CO'4: «= BRO UF $6202 0 162 v 
ct 6 ¢ee's\ 76s 295000 0 O01 € 
st dt OP's} 192 Z¢ s 2092 Tv 


eC@e 28 62 Se SF S SS 2888 BOs SES SESSe EF Besse See se stPPe eS eH e FS FSFE Fs* FSET EE FH TSS 


* | OS' | S2° | NAGA I NVRrA | Sld-o/e] Sle ON | D3LVO 





(2: Jo~rwze)v(0~[ z: Joans.8)v(oes[s: Joorwiv): Cele 
{: Jocne.vea: 
1¥203" WOLD3A Reais 


TV3A91 NOILWONGS 
08H 3A31 NOILVONG a 


9 Jolin ~ 22+ -9t~7+e 2 0 


0313130 G39 ONY 3937N05 
V3A31 NOWWING? “SA 3013S JO HLONIT 


uoTzPeONp, OL°E aanbry 


J3dIAN3SS WHI0SS JNLOV TWLOL 


O» Of 04 6C1' Gt C€Li 24% B92590'0 96) ¢ 
ad of €z vi8'Oi «§«91O' rt cOCIS'O Cres 8 
Or of vt scBci 4 |= of 8 OF $249t°O €03 § 
Ov st us £C@°2s 999° 62 900S7°O 182 ? 
ic Zt 0 Cee Si t' $3 ctf00 oO O01 ¢ 
@P of st 7S 4b OZOH UE § €00t liv 


2 Oe OS € CSS 8 Se SS © 8 VPP WSE © SF S8S SL SST SH CHESS STH SHAH ST Ss SSSSe eden ees eS 


2° 1 OS° | S2° | NAO-A o[ NVA | Sid-e/e] $id’ ON | ‘'93:iVvd 


Z* Joona)» (o"(z' Joowze) v(oe7[ 1: Joorszy): eas 
(1! Joonecv=,: 
1V303! HOLDIA Poe 


ial vona3 3NN 
ro} 
=i 
oO 
} ord 
pa 
ox 
| = 
ro 
oy 
mr 
| 8 
m 
| ~) 
ae 
Ww 
ry 
2 
OQ 
e ry 
s 


0313730 3937109 
13A37 NOIWLVINGZ “SA 3DIAN3S JO H1DN31 





48 





and ccmkat service support (76Y,94B). As before, the distri- 
bkuticn of each military occupational skill with respect to 
total service is presented by the boxplot. Again note the 
cutliers in total service; these same 5 soldiers have been 
deleted in the right ranel so as to expand the scale cf the 
boxplets for analysis. Through the graphical depiction of 
these distributions, the occupational skill most successful 
in terms of service can be readily determined. Here, skill 
76Y, supply specialist, demonstrates the greatest success 
followed Ey 11B, Infantryman. 

The spread cf the distribution can be observed in 
the kbedy of the bcx; note that the deviation 1s also 
provided in the table below. The 11X occupational skill is 
noticeably vacant. This MOS was created as an entry level 
of infantryman in FY80, hence this data set contains nene of 
this general skill. Comparing the three branches of skills 
descriked akove, comkEat arms was most successful in perforn- 
ance as determined Fy viewing 11B and 13B boxplots collec- 
tively. Ccembat service support was next in order of menths 
successful service fcllowed by combat support. 

The shape of each of the distributions is readily 
apparent in the boxplcts. Each military occupational skill 
appears to be skewed toward the lower range of service as 
indicated by the postion of the median inside the kcdy of 
each Loxplct. The variances appear relatively constant 
except fcr skill 64C. The utility of the boxplot in deter- 
Mining hcmogeneity cf variance, for example, for suksequent 
regressicn analysis or for ANOVA assumpticns is readily 
obvious. 

in Figure 3.1z, left panel, the previous figure of 
nhon-prior-service-only enlistees has been reproduced to 
allow ccmparisons. In order to isolate the effects of 
€ducation level, all high-school-diploma graduates (and 60 
enlistees with at least some college) have been selected cut 
of the subfpcpulation, using the selection capability. Thus 
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in the right panel, non-pricr-service,high school diflcma 
graduates kave been flotted against total active service. 
Immediately note that a higher mean service is observed by 
these ketter educated enlistees. The variance of 
cccupaticnal skills has been reduced indicating that this 
subpofulaticn is not as great arisk when considering how 
long €ach will serve. These soldiers in skill 112 demcn- 
strate tke highest success (mean 36.15 months). Based on 
these graphical results high school diploma graduates 
perfcorm ktetter than the average non-prior-service enlistee, 
and more specifically, comrat arms skills rank first 
followed by combat support, and then combat service suffort. 
This may seem counterintuitive as technical skills required 
are thought to be higher in the combat service suppert 
Eranches. 

Figure 3.13 repeats the same sort of analysis, this 
time ccmparing nen-prior service enlistees total service in 
the left panel tec non- prior-service enlistees that have not 
received a diploma (NHSG) and those that have received a 
graduate equivalency diploma (GED). Note that "success" has 
fallen frem 31.85 amcnths to 29.08 months. Occupational 
skill 76Y has the highest mean success, and combat service 
Suppert now leads in total mean service. Also suaecte that 
occurfaticnal skill 31M demonstrates a much higher variance 
when only these non-high- schececl graduates are compared to 
the tctal ropulation. This could perhaps be explained by 
the lack cf any real standards in how the GED is awarded. 
This certificate can ke awarded at any level of educaticn, 
Frovided that one of numerous tests has been passed. Also 
the nen-high-schcol graduate with ,say, only a 10th grade 
level of educaticn cculd account for extremely poor ferforn- 
ance in this somewhat technical microwave operator skill. 
Cn tke cther hand, those enlistees with an equivalency 
degree cr 11-pius years of education from a "technically 
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criented" school system could account for the high perforn- 
ance. Mcre research could Fe performed in the area of 
"levels" of equivalency status and in a demographic analysis 
of those non high school graduates. 

A comparison of high school diploma graduates to 
non-high-school-diplcswa graduates is presented in Figtre 
3.14 . Those soldiers with eguivalency certificates (GED) 
have Leen included in the non high school graduate category. 
In the left panel of this figure, the high school graduate 
categcry is presented for ccmparison. Again, this pict is 
non prior service only graduates. The right panel is nen- 
prior-service, non-high-schocl-graduates and equivalency 
certificate holders. The "kEetter educated" enlistees ,on 
the average, have outrerformed those with less than a schcol 
degree(as shown Ly the mean values both in the boxpflots and 
the takled values telow the pilot). Skiai J6Y, supply 
specialist,in the right panel, indicates a fetter rperforn- 
ance, {mean of 33.6) than the same occupational skili with 
a high schccl diploma (mean 32.7). The variance of the two 
distributicns is roughly the same. Again personal charac- 
teristics and the technicality of the skill involved alcng 
with the effects of mental group distributions, enlistment 
konus differences may explain this anomaly. 

Since a difference has been established in ferforn- 
ance based on the certificate status at entry, the Ecxplot 
can be utilized to go even into further detail. In Figure 
3-15,non-high-school-graduates only are compared tc hkigh- 
school-diplcma gradtates and in Figure 3.16 those with 
equivalency degrees are ccmpared to the diploma-carrying 
soldiers. In each figure, the batch remains iimited to 
noh-prior-service enlistees, varying only education levels. 

Figure 3.15 demonstrates that the non-high-schocl- 
graduate performance ,depicted in the right panel, was 


Eelow dirloma -graduate performance. This is seen 
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gctaphically by ccmparing the relative position of the mean 
lines and in the tabled valve below each plot. Going 
further, a compariscn of each individual occupational skiil 
in the left panel tc its ccunterpart in the right jfanel 
indicates that the varied educational level produces) and 
entirely different distribution. This is observed through 
the location of the respective means and medians, the size 
cf the bedy of the bex, and the length of the"whiskers" or 
tails cf the distribution. 

In Figure 3.16, this same difference in the distri- 
buticn of military occupaticnal skills with resrfect to 
education level is again obvious. In every case, the high 
school diplcma graduates outperform the soldiers with eguiv- 
alency status. Again, GED holders exhibit a larger variance 
as indicated by the tody of the box, indicating a higher 
risk in attrition. 

The entire analysis resented on the effects of 
education level within military occupational skill 1s sunmza- 
Tized in Figure 3.17, where the baseline of necn-frior 
service enlistees, categorized ky occupational skill versus 
length of service is displayed simultaneously. Education 
level has teen selected in each plot. Education level, 
Bilitary cccupational skill, and length of service have been 
integrated into a single display. Any other combinaticn of 
Variatles such aS marital status, age, race, could be 
further seiected to frovide more of a multivariate disflay. 
The ELTA technigues ccmbined with the IBM GRAFSTAT package 
allows fcr any combination of covariates inan analysis, 
dimited only by the imagination of the analyst. This 
display allows a rapfid comparison of the effects of educa- 
tion level on perfcrmance (in the form of length of 
service), fperhaps previding a strong argument in favcr of 
these graphical methcds fcr at least initial decisicns 


regarding what level of education to recruit. Again, 


So 





confirmatory analysis is necessary for a more refined 
analysis of relative merits of alternative educational 


policies. 


3. Summary cf Boxplot Analysis of Remaining Variables 


The remaining possitle explanatory variables and the 
two "general performance indicators" were analyzed in the 
same manner as presented above. In each case the effects of 
education level were cbserved in a multivariate sense by the 
use of selection comktined with the pairwise compariscn of 
length of service and the other candidate explanatory vari- 
ables. The actual bexglots are found in Appendix H. Again, 
confirmatory analysis should be performed to verify the 
statistical Significance of any conclusions drawn from this 
exploratcry anaiysis. A summary of this analysis is 
presented below: 


1. Mental Categcry Versus Length of Service: (See 
Figures H.1 through 4.9, Appendix H) 
e As mental category increases, dength of service 
increases. Category 4c outperforn Categories 
Gt,4a,3cb. 


e High school diploma graduates outperform the ncn- 
high-school-graduates and equivalency certificate 
holders (GEL) in all categories. 

e Nc category 1 soldiers were observed in the ncn- 
high-school-graduate or GED categories. 

e Non-high-schcol-graduates outperformed the equiva- 
lency certificate (GED) holders in every categcry. 

e Variance in the non-high-school graduate and GED 
performance is higher than that of the diflcnma 
graduates, ladicating higher risk in attriticn. 
Equivalency certificate (GED) holders' variance was 
okserved to be higher than non-~high-schocl- 
graduates, again indicating a higher risk. 
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arital Status and Number of Dependents vs. Length of 





ervice: (See Figures 4.10 - H.15, Appendix 8) 

e Most enlistees were single with no dependents at 
time of entry (92%) | 

e Single enlistees with 1 dependent had highest mean 
performance. 

e In general, married enlistees outperformed single 
enlistees. 

e As number of dependents in married soldiers at time 
of entry increased, sc did performance. (note: true 
up to 3 dependents.) 

e High-school-diploma graduates led in performance, 

Ecllowed by non-high-school-graduates, then GED 


holders. 
Age Versus Length of Service: (See Figures H.16 


through 4.24, Appendix 8) 

e As age increases {at time of entry) from 17 to 19 
years, tctal service (performance) increases, 
followed by a leveling off in the 19 to 24 year 
range. Perfcrmance decreases as age increases fron 
24 to 29 years old. 

e High-school-diploma graduates outperformed ctter 
less educated entrants, non-high-school graduates 
followed, tken equivalency certificate holders. 

Sex Versus Length cf Service: (See Figures 4H.25 

through H.30, Appendix 8) 

¢ Males outperformed females. 

e Diploma graduates (HSDG) outperformed all cther 
educaticn levels; Nen-high-school grads outper- 
formed the CED holders. 

e Non-high-school-graduate females outperforzed male 
non-high-schcol-graduates and female high-schcol 
diploma graduates. However, non-~high-schocl- 


graduate ferales displayed the greatest variance in 
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length of service, indicating a possible higher 
risk in attrition. 

e Non-high-schcol-graduate females were followed by 
GED males and then NHSG males in variance ir length 
of service (risk). 

Race Versus ienyth of Service: (See Figures H.31 

through H.36, Appendix H) 

e In general, the "cther" category were the highest 
performers, fcellowed ty blacks, and then whites. 

e High-school-diploma graduates were the highest 
Ferformers in terms of length of service in all 
categories. 

e Non—high-schcol-graduates outperformed the graduate 
equivalency certificate holders (GED). 

e GED blacks displayed the highest variance in length 
of service, indicating a higher risk in attriticn, 
followed by GED whites. 

Reenlistment Code Versus Education Level: (See 

Figures H.37 through H.39, Appendix 8) 

e At least through the high school diploma graduate 
level of education, as education increased, reen- 
listment eligibility increased. 

e GED soldiers received about the same reenlistment 
codes as thcse soldiers who entered the army with 2 
years of high school. 

e A wide variance in reenlistment eligibility was 
okserved, fessibly related to the fact that reen- 
listment eligibility is mostly up to the local 
ccumander's discretion. 

Reenlistment Cede Versus Length of Service: (See 

Figures 4.39 through H.44, Appendix 8) 

e Aprroximately 30% of the sample was uncoded at the 
time of the last file update, indicating that the 

_far to reenlistment may not used as often as it 





could be as a rehabilitative tool for sukstandard 
scldiers. 

e Generally, as length of service increased, sc did 
the numker cf soldiers eligible to reenlist. 

e Approximately 50% of the GED holders andof the 
non-high-schcol-graduates indicated a reenlistment 
code of 3,ccrresponding to only 30% in the hrgh- 
school-diplcia graduates. This code corresrfonds 
tc a Department of the Army initiated bar to reen- 
listment. This proportion seems a hit unreasonakle 
and more research seems necessary in this multivar- 
iate combination. 

e High-school-diploma graduates outperformed all 
others, followed by non-high-school-graduates and 
the graduate equivalency certificate holders. 

e Again, the GED hclders demonstrated the largest 
variance (risk) in length of service, followed by 
non-high-schcol graduates. 

Character of Service Versus Education Level: (See 

Figures H.45 through H.47, Appendix H) 

e Generally, as education level increased (at time of 
entry) thrcugh high school diploma, so did the 
character of service awarded. 

e GEC and non-tigh-school-graduate soldiers received 
about the same treatment in character of service 
awarded. Again, high-school-diploma gracuates 
received the largest proportion of the hcnorakle 
discharges. 

e Ccllege graduates outperformed the high-schocl- 
dirloma grads; however those entrants with one and 
two years of college were outperformed in terms of 
character of service awarded by the non-high schcol 
diploma graduates. 
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e A wide variance was noted possibly because of the 
ccmmanders* discretion allowed in determining what 
character cf service will be awarded tc an 
individual. 

9. Character of Service Versus Length of Service: (SEE 

Figures H.48 through H.54, Appendix 4d) 

e As length of service increased so did the number of 
honorable discharges awarded. 

e Over half cf the cohort received an  honoratkle 
discharge. A large proportion of early "leavers" 
also received this honorable discharge,perhaps 
indicating that some commanders are very lenient in 
their deterzinaticn of type discharge tc be 
awarded. 

e High-school-diploma graduates receiving hcnorakle 
discharges performed the best in terms of length of 
service, again followed by non-high-schocl gradu- 
ates and the GED‘s. 

e A wider variance in length of service was nected for 
the non-high-school graduates and the GED's who 
received honcrable discharges, when compared to the 
high-school-diploma graduates. This perhaps 
relates again to the discretion that is exercised 
by the local commanders in awarding discharges. [It 
seems that length of service may not be considered 
as an indicator of "good"! service ty a number of 
ccmumanders in the field. 


T. ERANEFLE CONFIRMATICEY ANALYSIS 


Ccnclusions drawn from the above explanatory data anal- 
ysis must be analyzed in a formal manner to determine if 
differences, say, in the mean performance among the varying 
levels of education at entry is statistically significant. 
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An example is presented below; this type of analysis should 
ke performed on all ccnclusions reached before any folicy 
implementation. 

The cne-way-analysis of variance provides a well- 
structured approach in testing the equality of means amcng k 
sample pcpulations. In this approach, the k populations are 
assumed 

1. tc be i1.1.d nersal populations, and 
2. tc have egual variances. 

As has fFeen pointed out, some of the boxplot analyses 
above has indicated that the egual variance assumpticn is 
ebviously nct true; contrarily, this difference in variance 
waS was used as an indicator of the "risk" involved in 
recruiting that entrant with his particular qualifications. 
In those cases, Nenparametric tests are availatle for 
confirmatory analysis. An example of that type will also be 
presented telow. see [ Ref. 15:3 pp. 92-05 leer cn ed 
discussicn on 1-way ANOVA. | 

The actual calculaticns of the ANOVA taktle were 
completed using an AFI program contained in public dcmain of 
the Naval Postgraduate School computer system (Likrary 
S,0A3660). A cory of the program is at Appendix I. Results 
of the analysis are summarized in Table V Thus the null 
hypothesis can be rejected at the .05 level of significance. 

In instances _where the homogeneity of variance and 
normality of populaticn assumptions are infeasible, nonpar- 
ametric tests can be utilized for confirmation of 
statistical significance. The Kruskal-Wallis test was 
utilized tc test the following hypothesis: 


HOs;mean services across all education levels are egual. 


H1: for at least one pair of the population represented 
Ey the levels cf education, the means are different. 
see [Ref. 16: Ep- 229-237] for a discussion cf the K-W 
test. 
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TABLE V 
Ancva Table for Testing Equality of Means 


Oy ceiwel t 
AHOVG WAS UFGATED 1/3/79, SEE AHOVAHOW FOR CHANGES, 
ANOVA TABLE 


rai (een gs OE aM ge ees GE tS ee 


SOU mee OF 3s MS F 
TREATMENT 4 25935.42 483.35 BZ 
ERROR eso Eee bor eye ¢i4 
TOTAL S008 P22744.7? 

A- SQUARE = 9, ,g28 

OVERALL MEA = yee) 

MeeatMert EFFECTS ~4,74 2,49 ~1,.29 ~3.24°12.73 


: 


ES 6 ac _y<cie=ma gge 


The actual calculations were performed utilizing the 
EMDP statistical scftware fprogran Pace On the Naval 
Fostgraduate School Computer Systen. See { Ref. 17: 
ppe 442-443) for a description cf this package. Results are 
summarized in Table VI . 
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TABLE Vi 
Results of K-W Test of Equality of Means 







Variatle Los 


Grour Frequency Rank Sun 
No. Name 

1 SOPH 10 9064.0 

Z JR_ He 10173 5345 

E CED 196 250661.9 

4 NHSG 504 je Walet ss 

= BSDG 1546 Zot IZ 36 0 

13 


uskal-Wallis Test Statistic = 75. 
vel of Significance = 00 


Kr 
Le 
Using Chi-Square Listributicn with 4 Degrees of Freedon 
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Thus the null hypothesis can be rejected at the .05 
level of significance. Multiple comparisons may be calcu- 
lated in accordance with [Ref. 16; p.-231] to determine 
which pairs of means are different if desired. 


E. SUMMARY OF EXPLORATORY DATA ANALYSIS EFFORTS 
1. General 


Exploratory Tata Analysis technigues have been 
utilized in the forms of draftsman's displays and kEcxrflots 
to "preprocess" a large data set. This analysis was 
presented as a demonstration of the power of EDA techniques 
and tc provide initial insights into the attrition cf U.S. 
Army enlistees prior tc further analysis. These techniques 
have prcevided the following: 

1. Familiarity with data set. 

2. Reduction in the dimensionality of the data _ set; 
Numerous variables were determined as having no 
appreciable effects on the dependent variable under 
ccnsideration. 

3. Identification of erroneous data. 

4. Structure of the data set and variatle coding. 

5. iInformaticn on multivariate and pairwise associaticns 
among the variables. This information will be 
Summarized belcw. 

6. An intuitively pleasing form of analysis tc assist 
analysts and decisicn makers in understanding the 
Eroblem at hand. 

7. A means of allowing the analyst to "compose" his 
method of attack on a large problem in an interactive 
fashion. 
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Ze CA and U.S. Army Enlisted Attrition 


=> 7 a, Se eee = Oe a ee ee 


More specifically, in the investigation of attrition 
of U.S. Army FY79 erlistees, the following informaticn has 
keen revealed: 

1. The variables listed in Table VII below were ckserved 
tc have some effect on a soldiers performance which 


TABLE VIL | 


Possible Explanatory Variables from EDA 





Race 

Mental Catecory 

Marital Stafus/Number of Dependents (at entry) 
Education Level . 

Military Occupational Skill 


oe 


| 
Es | 
| 
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has keen defined as his total length of service. 

2. Level of education at entry has an effect cn the 
perfcrmance of enlistees. Education level seems to 
interact with the other variables listed in Table VII 
above, prodtcing different levels of perfcrmance. 
Other insights provided by the analysis are 
e High school diploma graduates demonstrated retter 

performance than did non-high-school-diploma gradu- 
ates and those enlistees who had obtained a 
graduate equivalency certificate prior to entry. 

e Non-high school diploma graduates demonstrated 
fetter perfcrmance than did GED holders. 

e GED holders demonstrated a larger variance in total 
service obtained, indicating a higher risk in 
attrition than did non-high school dirlema 

' graduates and high school diploma graduates. 
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3. Character of Service and Reenlistment Code are two 
indicators of performance that may also be affected 
by education level at entry; however, the discretion 
exercised by local commanders in awarding these may 
have confounded them as Suitable explanatcry 
variables. 

4. Cenfirmatory analysis needs to be performed after 
explcratory data analysis prior to forming final 
ccnclusion for policy implementation. An exarple was 
provided. 


3. Limitations 


The ELA technigues are not to ke used in lieu of more clas- 
Sical statistical analysis; they are to be used in 
conjunction with them. Some limitations are 

1. Accerftance of their use by other statisticians. 

2- Package utilized in this thesis is inthe exreri- 
mental stage; others may not be readily availatle to 
tke analyst. Since this package is experimental, 
cértain capabilities are still being developed. FOr 
example, in the the ANCVA presented, the means used 
in the analysis were not stored in a global sense for 
further analysis and had to be entered "by hand" into 
an ANOVA frogtran. 

3. Ccst of graphics capabilities for computer systems. 

4. Storage necessary for EDA packages is currently not 
available for most perscnal or desk top computers. 

Thus Exploratcry Data Analysis has been shown to be 
a useful technigue in the initial analysis of data. In the 
next charters, a more formal analysis will be presented. 
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A. EACKCRCOUND 


The Exploratory Data Analysis technigues presented 
(along with the necessary ccnfirmatory analysis) have shcwn 
that level of education, sex, race, age, mental category, 
and marital status/number of dependents are candidate expla- 
natory variables in determining the total length of service 
for an enlistee. 

A survivor function approach is utilized to gain further 
insight into these explanatory and their relationshif to 
length of service. 

Suppcse that the length of service of an enlistee ig a 
random variable X. The cupulative distribution functicn or 
c.d.f., then, can Fe viewed as giving the probability that 
an enlistee will "die" or "fail" or leave the army tefcre x 
units cf time, a realization of the random variable X, have 
€lapsed. Tken the quantity 


S(x) = 1-F(x) = P (X>x) (eqn 4.1) 


called tke survivor function, provides the probability that 
an eénlistee "survives" more than x units of time. The 
survivor function, fer discrete data, is a step functicn, 
where the height of the jump between any two values of x is 
equal to P (X=x). The survivor function is estimated by 
using the following relative frequency definiticn of 
Frobakility: 


S{x) = 1-F(x) = (number of ofservations > x)/n (eqn 4.2) 
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where n is the number in the sample being considered 
fRef. 18: pp. 92-93, 263-264}. 


B. AFPLICATION 


The survivor function is therefore a logical means of 
analyzinc enlistee tehavicr with regards to length of 
service. For this fertion of the analysis, attrition will 
te defined as failure to complete the first term of service. 
The FY79 COHORT consists of three-year obligated enlistees 
(3YO) and fcur-year ckligated enlistees (4Y0O). Each subset 
will ke analyzed separately. The reenlistment decision will 
ke defined aS ccmpleting greater than one term of service. 
Hence, tased on the survival function model, the fcllcwing 
equations indicate the "life" cycle of the enlistee: 


a ae <n ee EEE) EE eee Eee eee 


TABLE VIII 
Enlistee Life Cycle Models 


E(enlistee will ater teh 2 ee Bee ye a 
mos = 


E(enlistee will complete 1 term) = ey a mos.) 
= of jump a 


F(enlistee will reenlist) = 2(X>36 mos.) = 1-S (x) 


E(enlistee will eter aS = P(X<48 mos.) 
= 1- GE mos.) = 1-S'(x xX) 


F(enlistee will complete 1 eee) = ie mOS.) 
= Ht. of jump at x=4 


E(enlistee will reenlist) = P(X>48 mos.) = 1-S (x) 
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These realization times for the randcm variable xX are 
chosen “ust to demcnstrate the survivor function methcd- 
clogy. Considerable research has been done in defining the 
exact tine cutoff for the definition of attrition, since the 
first "term" of service may actually be thirty-four mnonths 
as opposed to thirty-six because of the varicus "early out" 
programs offered by different ccmmands. This analysis dces 
allow for at least this concert in its definition of attri- 
tion as strictly less than thirty-six and forty-eight rcnths 
(i.e. thirty-five and forty-seven months) length of service 
for the three year ard four year obligations respectively. 
The methcdology suffices no matter where the attriticn defi- 
niticr is made in the length of service parameter. 

Survivor functions for each of the previously defined 
candicate explanatory variables are estimated utilizing the 
Cumulative Distribution input screen in the IBM GCRAFSTIAT 
data analysis package. (See Appendix J for a depiction of 
this screen.) These functions are analyzed for the abcve 
menticned statistics. 

The survivor function of the entire sample across all 
variakles is presented to demonstrate the characteristics of 
the analysis in Figure 4.1. Using this type of analysis, 
statistics for the mcst prevalent enlistee are presented in 
Figure 4.2 and in Figure 4.3 for 3 year enlistees and 4 year 
enlistees respectively. The "most prevalent enlistee" was 
determined by observing the total number in each of the 
seven variables being considered. Note that the four year 
obligated enlistees demonstrated higher probability of 
attrition (0.33 to 0.24), and a lower probability of reen- 
listment (0.12 to 0.37) than the three year oblisated 
enlistee, ceteris faribus. This may indicate that the 
utilization of the three year term of service is mere cest 
effective than the four year tern, considering 
"assess,dress,train" cost described earlier. Results for 


the mcst prevalent erlistee are summarized in Table IX . 
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LENGTH OF SERVICE,MONTHS FOR ALL 3Y0 


SAMPLE GRAPHICAL CALCULATIONS 


P(LENGTH OF SERVICE=36MONTHS) 
=HEIGHT OF JUMP AT LOS=36 MONTHS 
0.559-0.320=0.239 


P(LENGTH OF SERVICE<36MONTHS) 
=VERTICAL DROP IN CURVE FROM O TO 35 MONTHS 
1.0-0.559=0.441 
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P(LENGTH OF SERVICE>36MONTHS) 
=VERTICAL DROP IN CURVE FROM 37 TO 59 MONTHS 
0.321-0.000=0.321 


Figure 4.1 Survivor Functicn Por All 3 YO Enlistees 


The effects of education level on attrition of three- 
year-ckligated enlistees are presented in Figure 4.4 . 
Those erlistees with a graduate equivalency certificate 
indicate a kigher prekability of attrition (0.54) than both 
those with two years cf high school and those with non-high- 
schocl-diplcma graduate (NHSDG) status, having three to four 
years of high school. These findings reinforce the earlier 
koxplot analysis of length of service. The trend is also 
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P(LOS<36)=0.242 

P(LOS=36)=0.385 

P(LOS>36)=0.373 

AVERAGE LOS=35.529 See 


Figure 4.2 Survivor Function, Most Prevalent 3Y0O Enlistee 


4 70 00 

LENGTH OF SERVICE FOR MOST PREVALENT 3YO ENLISTEE 
THIS BATCH CONSISTS OF THE MOST PREVALENT 
ENLISTEES: 18 YR OLD, COMBAT ARMS,3Y0, SINGLE 
WITH NO DEPS, WHITE MALE 


SURVIVAL PROBABILITY 
0.2 0.4 0 


evident in the probability of reenlistment with the high- 
school-diplcema graduates having the highest, followed by the 
NHSDG, then those with 2 years high school and then those 
enlistees with equivalency certificates. Again the GED 
enlistee is seen tc be inferior to the non high school 
diploma graduate (NHS[G). kKesults of this survivor function 
analysis are in Table X in the following section. 
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‘ SURVIVOR FUNCTION, N=33 


SURVIVAL PROBABILITY 





LENGTH OF SERVICE FOR MOST PREVALENT 4YO ENUSTEE 


| THIS BATCH CONSISTS OF THE MOST PREVALENT 4Y0 
ENLISTEE: 18 YR OLD COMBAT ARMS, SINGLE WITH 
NO DEPS,WHITE,MALE 


P(LOS<48)=0.334 
P(LOS=48)=0.545 
P(LOS>48)=0.121 
AVERAGE LOS=40.939 
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Figure 4.3 Survivor Function, Most Prevalent 4YO Enlistee 


TABLE IX 
Results of Survivor Analysis on Most Prevalent 
Enlistee 
Tern P(attrite) P(full tern) P(Reenlist) Ave LOS 
3 Years 0.242 02385 02375 ao 
| 4 Years 0.334 0.545 0.121 40.94 | 
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C. RESUITS OF SURVIVCR FUNCTICN ANALYSIS 


Similar analyses were performed on the remaining six 
candidate explanatory variables for ktoth the three year 
enlistees and for the four year enlistees. Actual survivor 
functicns are found in Appendix K and L respectively. 
Tabular summaries are frovided in Table X and XI . Based on 
these summary tables, the lowest risk attributes in terms of 
lowest probability of attrition are provided in Table XII. 
Those attrikutes that result in the highest probability of 
reenlistment are shown in Table XIV and Table XV. 

The usefulness and simplicity of this approach is 
appealing for "guick and dirty" analyses in determining 
short term policy decisions ccncerning the characteristics 
desired for prosrective soldiers. 

Modeling of the survivor curves can provide further 
predicticn capabilities and significance of each cf the 
covariates.However, the survivor functions presented all 
demonstrate the larse "jump" at thirty-six and forty-eight 
months for the three year and four year enlis- 
tees, respectively. This large "discontinuity" causes 
modelling of the survivor function to be somewhat difficult. 
Modelling of the survivor is discussed in great detail in 
[Ref. 19} and [Ref. 20]. The noted similarity in the 
survivor curves for all the variabies under investigation 
suggest that the use cf a Cox froportional-hazards mcdel may 
ke afferepriate; however more research is needed in the 
modeling of the discrete jump in the survivor curve. See 
(Ref. 20°. This analysis has been presented as an initial 
methcdolcgy to demonstrate its usefuiness ; no modelling 
will te performed. 
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TABLE X 
Results of Survivor Function Analysis for 3YO 
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TABLE XII | 
Attribute Values ee REowcee Risk of 
Attriticn,3 
Variaktle Lowest E(attrition) Next lowest Cece) | 
Education 
Level HSTG College 


Sex Male Female 
Race Other Black 
Mental Cat. 3A 1 


Marital pocae/ D 
No. of Deps M/z s/0 


Age 28 19 


| 
MCS 76Y 31M | 


TABLE XIII 
Attribute Bee eee na a Lowest Risk of 
a4 
Variaktle Lowest F (attrition) Next lowest P(attrition | 
Education _ 
Level HSIG NHSDG 
Sex Male Female 
Race Otker White 
Mental Cat. 3A 1 | 
Marital Stat/ 
No. of Deps s/0 4/0 
Age 18 19 
MCS - #™ 31M 
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TABLE XIV 
Attribute Values Froviding Highest Reenlistment,3 YO 


Variatle Lewest P(reenlist) Next lowest P (reenlist) 
Educaticn 
Level HSTC NHSDG 


Sex Male Female 
Race Black Other 
Mental Cat. 1 4c 


Marital Stat/ 
Nc. of Deps M7 2 M/2 


Age 30 28 
MCS 76Y 31M 


TABLE XV | 
Attribute Values Froviding Highest Reenlistment, 4YO 


Variatle Lowest P(reenlist) Next lowest P (reenlist) 
Educaticn 
Level NASIG 2 yrs HS 
Sex Female Male 
Race Black White 
Mental Cat. GA 2 
Marital Stat/ 
No. of Deps 4/0 SyAle, 
Age 26 Zo 
MCS 11E 13B 
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A. GENERAL 


An intuitively pleasing,simple methodology was presented 
for the study of fperformance in the form of length of 
service of U.S Army enlistees. Some Exploratory Data 
Analysis techniques were demonstrated through the use of the 
IBM GRAFSTAT data analysis package. The interactive cafa- 
bilities of the package and the APL language were explcited 
to previde a means of rapidly manipulating and observing the 
selected data. Tre tools proposed, the draftsman's 
displays, koxplots and survivor functions, were used on 
actual cohort data frcm the Defense Manpower Data Center. 

Several possible explanatory variables and their associ- 
ation with performance were presented based on the 
Expleratcry Data Analysis. Confirmatory analysis was 
perfcrmed to suppert the Exploratory Data Analysis. 
Probakilities of enlistee attrition and reenlistment were 
Frovided using a survivor function analysis for each cf the 
candidate explanatory variables. Attributes that presented 
the highest risk of attrition and the highest prctakility 
were presented. 


Be. SUMMARY 


The increasing ccst of “assessing,dressing and training" 
today's Army enlistee coupled with the diminishing suprly of 
17-21 year old prospective enlistees have prompted research 
effort tcward gaining insight into those personal attrikutes 
that produce the most successful soldier in terms of first 
term completion. The basis for understanding the relaticn- 
ships of these personal attributes and for using this 
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understanding in recruiting felicy lies in the ability to 
rapidly analyze the available data on current enlistees and 
to present the analysis in a form that is understandable and 
useful for the decisicn maker. 

This thesis has presented a broadiy applicable and 
simple methcdology, using Exploratory Data Analysis through 
the interactive capaktility of the IBM GRAFSTAT package and 
the AEL language, for defining the area of analysis, idéenti- 
fying errors in the data, reducing the dimensionality cf the 
froblem, and determining relevant association of fersonal 
characteristics of enlistees to performance. The tkonds 
ketween Exploratory Lata Analysis and more classical statis- 
tical analysis were demonstrated. Use of survivor function 
analysis frovided statistics on chosen explanatory vari- 
ables, indicating the importance of these characteristics. 

The further application of the methods in this thesis 
and cf Explcratory Data Analysis in general should increase 
the practitioner's akility to make sound decisions regarding 
future manpewer jflanning issues. With the increased avail- 
ability cf graphics-capable personal computers, Explcratcry 
Tata Analysis is relevant at all levels of decision making. 


C. RECOMMENDED FURTEER RESEARCH 


The following items deem further research: 

1. A ccmparison cf Exploratory Analysis technigues in 
this theses to other data analysis packages such as 
those available in BMPF and SAS (see [Ref. 17] and 
{Ref. 21] ) weuld be useful in determining advantases 
and disadvantages of the different approaches in 
variable selection and error identification. In 
Farticular, tke Cox profortional hazards model in the 
BMDP program f£zZl [Ref.j 17: pp. 576-594] uses a step- 
wise approach to identify important explanatory 





variables and estimates the survivor as well as the 
hazard functicn for further analysis. Note hcwever 
that models such as this Cox proportional hazards 
mcedel for estimating the effect of conconmitants on 
survival curves are not applicable because of jumps 
in the survival functions at known times. More 
research is needed to determine how to arprly the 
mcdel to such a function with this large discrete 
jume. 

The Graduate Eguivalency Degree programs cffered 
threoughout the United States need to be analyzed in 
detail for standards used i1n awarding the certifi- 
cates. The wide variance and the poorer performance 
of the GED hclders indicate tnat non-high-schocl- 
diplema graduates should be treated separately in any 
analysis, contrary to the popular grouping of the two 
categories. Perhaps different GED levels sould 
provide insight intc future performance at least as 
well as the different levels of high schocl status 
have. 

The trends and probabilities have been presented as a 
methcdology on only a 10 percent sample of the data: 
ccB@parisons cf these cutcomes to other data sets 
wculd be useful in the determination of prediction 
pessibilities. 

Medeling of the survivor curves would prcevide a 
detailed account of the actual contribution of each 
explanatory variables using multivariate regression 
technigues. Again further research is needed in the 
applications cf modeling technigues to survivor 
curves with the noticeatle jumps at known times. 
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| APPENDIX A 
EXPLORATORY DATA ANALYSIS TECHNIQUES 


Explcratory Data Analy sis technigues are usually first 
attrikuted to Jchn kh Tukey in his book by that title 
[Ref. 227. Exploratcry Data Analysis for the puregcses of 
this thesis will be defined as "the activity of Examining 
data, toth graphically and thrcugh numerical summaries, for 
the purpese of revealing properties of the data itself, and 
with luck, of the frocesses giving rise to that data." 
[Ref. 233 fe 2]. Thus EDA technigues can be thought cf as 
"infcormal ™" technigues to examine the data pricr to 
"formal", more classical analysis techniques, in crder to 
prevent needless calculaticns irrelevant to the investiga- 
tion at hand. Quite often more can te learned atout the 
data inthis initial, informal look at the data. As 
Chambers et. dais) ECAncS Cut, graphical EDA methods are 
perhaps most effective in the initial glance at the data to 
limit the scope cf the investigation to only those variables 
that are pertinent [Ref. 12]. These graphical methods allow 
the investigator to rapidly synthesize information, ina 
more efficient and intuitive manner perhaps than through 
methods available in commercial statistical packages that 
produce tabular data. 

Cne particular method cf multivariate analysis is the 
multidizensional array of scatter plots called a "general- 
ized draftsman's display"of the data [Ref. 12: pp. 136, 145}. 
An example display is seen in Figure A.1 This figure dencn- 
strates how the fairwise scatter plots are arranged sc that 
“any adjacent | Fair of plots have an axis in ccmmcn" 
(Ref. 12: pe 145}. All variables of interest, then, for 
the entire data set can be displayed as the first phase of 
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Draftsman Display from Chambers et. al. 
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the investigation. Then one can rapidly and effectively 
deterrine if trends exist and for which specific pairwise 
association of varialles. 

Captain Malcolm Johnson, a student of Operaticns 
Research at the Naval Postgraduate School, has develcrped an 
APL frogram called "draftsman" that 1s imbedded in IBM*'s 
GRAFSTAT package on the school's computer system (See 
[Ref. 24: pp. 13-17). for information on use of GRAFSTAT) 
that organizes any data set into a draftsman's display. 
This program alsc allcws for transformations of the data and 
for jattering of the data. His efforts have been puklished 
as a Master's thesis that includes a tutorial for use cf the 
"draftsman" program. [Ref. 13]. This program will be 
utilized in the initial phase of the data analysis efforts 
cf this thesis. 
| Cf course, the draftsman's display is only the first 
step cf the analysis. If trends are evident, then further 
analysis shculd te performed utilizing more formal ccnfirnma- 
tory analysis to verify any graphically-determined assccia- 
tions amcng the variatles. 

The use of boxrlets is another EDA technigue that is 
very useful in “taking an initial look" at the data. The 
roxplet is a "“siuple method of Summarization". 

The upper and lower guartiles are depicted by the "kody" 
cf the kcx, the median is portrayed by a line, circle or 
Other distinguishing mark as is the mean. Upper and lower 
adjacents are depicted at the end of lines extending from 
the kody of the becx. These terms are defined as’ the 
"largest observation that is less than or equal to the upfer 
guartile plus 1.5 times the interguartile range, and 
smallest observation that 1s greater than or equal tec the 
lower quartile minus 1.5 times the interguartile range," 
respectively. Values that fall outside the range cf adja- 
cent values are called outside values. These are plotted as 
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individual roints. See Figure A.2 for a depicticn of the 
compcnents of the boxfylot. 

The toxplot provides a rapid "impression" of the distri- 
Euticn cf the data. The median, mean, and spread are all 
obvious. The length of the lines to the adjacent values 
demonstrate the "stretch" of the tails of the distribkuticn. 
The individual pcints for the cutside values allows the user 
cf the plct tc consider "outliers" although not every 
cutside value is an cutlier. 

The figure also allows for some determination of the 
Symmetry of the distribution of the data, simply by viewing 
the symmetry of the Ecdy of the box about the median line or 
dot. 

These flots are useful when it is not feasible or neces- 
Sary to capture all the details of a distribution, or when 
many distributions need be compared. The width of the kEox 
has ne significance. 

An excellent discussion of these and other EDA tech- 
higues is fcund in [fef. 12], frem which this descrifticn of 
boxplots was taken. : 
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SAMPLE BOX PLOT 
PLOT OF 50 POINTS 


@ _— UPPER QUARTILE + 1.5x INTERQUARTILE DISTANCE 


2S 


Oo 
__ LARGEST VALUE s UPPER QUARTILE + INTERQUARTILE DISTANCE 
__ UPPER QUARTILE 
__ MEDIAN 
__ LOWER QUARTILE - ~ 
__ SMALLEST VALLE 2 LOWER QUARTILE - INTERQUARTILE DISTANCE 
© __ LOWER QUARTILE - 1.Sx INTERQUARTILE DISTANCE 
3 ; 


» INTERQUARTILE DISTANCE = UPPER QUARTILE - LOWER GUARTILE 


RN te ee 
ee 


— 


; Example box plot for fifty data points from a regenerative 

' simulation. The interquartile distance equals the estimated 

' upper quartile minus the estimated lower quartile. The light 
circles are data points which fall between the largest value 
less than or equal to the upper quartile plus the inter- 
quartile distance and the upper quartile plus 1.5 times the 
interquartile distance. The dark circles are data with values 
above this latter point. Similarly for the lower part of 
the box plet. 
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Figure A.2 Exauple Boxplot 


8S 





B 


ENDIX 
HISTOGRAS OF FY79 NHSG ASSESSIONS 
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APFENDIX D 
APL PROGKRAMS FOR DATA MANIPULATION 
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this appendix. Refer to Chapter 3, pages 62 
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APPENDIX J 
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APPENDIX K 
SURVIVOR CURVES FOR 3 YEAR ENLISTEES 


This Appendix contains survivor curves for FY79 3 
year-~obligated enlistees for the six candidate 
explanatory variables listed in. Table xXxVII kelcw. 
Tabular summaries of the analysis and discussicn of 


the analysis 1s provided in Chapter 4 of this 


thesis. 


TABLE XVII 
Candidate Explanatory Variables 
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APPENDIX L 


SURVIVOR CURVES FOR 4 YEAR ENLISTEES 


This Appendix contains survivor curves for FY79 4 
yéear-obligated enlistees for the six candidate 
explanatory variables listed in Table XVII Felow. 
Tabular summaries cf the analysis and discussicn of 
the analysis iS provided in Chapter 4 of this 
thesis. 


TABLE XVIII 
Candidate Explanatory Variables 
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Race 

Mental Categor 

Marital Sta usy Number of Dependents 
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